Background: The association between perioperative blood transfusion and the prognosis of patients with gastric cancer is still unclear. Methods: A total of 1581 patients with gastric cancer who underwent curative gastrectomy from 2000 to 2008 were evaluated. Perioperative blood transfusion was defined as the transfusion of packed red blood cells within seven days before surgery, during surgery, or within the postoperative hospitalization period. The association between perioperative blood transfusion and prognosis was evaluated using univariate and multivariate Cox regression analyses. Results: Of 1581 patients, 298 patients (19%) received perioperative blood transfusion. Perioperative blood transfusion correlated with older age (P < 0.001); larger tumor size (P < 0.001); and more advanced stage (P < 0.001). Five-year survival rate was 40% in patients who had perioperative blood transfusion and 55% patients who did not have perioperative blood transfusion, and the difference was statistically significant (P < 0.001). Multivariate analysis showed that perioperative blood transfusion was defined as independent prognostic factor. Perioperative blood transfusion was associated with worse outcomes in patients with stage III (P < 0.001). Conclusions: Perioperative blood transfusion independently correlated with poorer prognosis in patients with gastric cancer.
Background
Although the incidence of gastric cancer has declined, it is still the sixth most frequent cancer and the fourth most common cause of cancer death worldwide [1] . In the United States, most patients with gastric cancer are diagnosed at late stage [2] . Anemia is more likely to exist in patients with advanced gastric cancer. Some studies reported that up to 60% of patients presented with perioperative anemia, and most of them undergoing gastrectomy needed red blood cell transfusion [3, 4] . It is well-known that blood transfusions are associated with some adverse outcomes. In particular, some studies showed that blood transfusions were associated with an increased risk of postoperative morbidity [5, 6] . Additionally, some studies have shown that perioperative blood transfusion correlated with poor prognosis of patients with lung cancer, breast cancer, and colorectal cancer [7] [8] [9] .
Although there have been some studies about the influence of perioperative blood transfusion on prognosis of patients with gastric cancer after undergoing curative gastrectomy, the results still remains controversial [10] [11] [12] [13] . Two studies demonstrated that perioperative blood transfusion was associated with worse clinical outcomes for patients with gastric cancer underwent gastrectomy [10, 11] . In contrast, some other studies have not shown worse outcomes [12, 13] .
The purpose of this study is to clarify the effect of perioperative blood transfusion on the prognosis of patients with gastric cancer by analyzing large retrospective sample from our institution.
Methods

Patients
From 2000 to 2008, 1581 patients with histologically confirmed primary gastric adenocarcinoma underwent curative gastrectomy. Perioperative blood transfusion was defined as the transfusion of packed red blood cells within seven days before surgery, during surgery, or within the postoperative hospitalization period. Postoperative hospitalization is defined as the immediate postoperative period following surgery. Data were retrieved from operative and pathological reports, and follow-up data were obtained by phone, out-patient and clinical database [14] . Written 
Follow-up
The standard follow-up protocol for patients with gastric cancer was every three months for at least two years, every six months for the next three years, and after five years every 12 months for life [14] . The follow-up items were as follows: physical examination, tumor-marker examination, chest radiography, endoscopic examination, and computed tomographic scan.
Statistical analysis
The Chi-square test was used to analyze patients' features and clinicopathological characteristics. The Kaplan-Meier method was used to calculate five-year survival rate, and the long-rank test was used to examine the differences between survival curves. The prognostic factors were included into the multivariate survival analysis using Cox proportional hazards model. The level of significance was P < 0.05. Statistical analyses and graphics were carried out using the SPSS 13.0 statistical package (SPSS, Inc., Chicago, IL).
Results
Clinicopathological characteristics
There were 1102 males and 479 females (2.3:1) with a mean age of 58 years. According to tumor location, 563 (36%) had tumors located in the upper third; 275 (17%) in the middle third; 702 (44%) in the lower third, and 41 (3%) occupied two-thirds or more of stomach. The distribution of pathological stage was as follows: 403 (26%) patients had stage I, 382 (24%) patients had II, and 796 (50%) patients had III. Patients demographics were listed in Table 1 . Clinicopathologic parameters were compared between patients who underwent perioperative blood transfusion and who did not. Results showed that patients with perioperative blood transfusion presented at an older age (P < 0.001); larger tumor size (P < 0.001); and more advanced stage (P < 0.001) ( Table 2 ).
Amount of blood transfusion
Of the 1581 patients, 298 patients (19%) received perioperative blood transfusion. With regard to period and amount of transfusion, 128 (43%) patients received transfusion before operation, 215 (72%) during the operation, and 119 (40%) after the operation. 29 (10%) patients received transfusion only before operation, 105 (35%) only during the operation, and 35 (12%) only after the operation; 134 (45%) patients received less than 4 units, and 164 (55%) patients received more than 4 units.
Univariate analysis
The median follow-up time was 60.2 months. The over-all five-year survival rate was 53% for all 1581 patients. Five-year survival rate was 40 and 55% in group with perioperative blood transfusion and group without perioperative blood transfusion, respectively, and the difference was statistically significant (P < 0.001) (Fig. 1) . In addition to perioperative blood transfusion, significant prognostic factors included: age, tumor size, Fig. 1 There was significant difference in the survival between group with perioperative blood transfusion and group without perioperative blood transfusion tumor location, TNM stage, type of gastrectomy, operation time, albumin level at admission, and hemoglobin level at admission (Table 3 ). In patients with perioperative blood transfusion, univariate analysis showed that tumor location and TNM stage significantly affected prognosis, other factors like blood transfusion frequency and blood transfusion amount did not correlate with prognosis (Table 4) .
Multivariate analysis
Multivariate survival analysis was performed to determine the independent prognostic factors for patients with gastric cancer. Multivariate analysis showed that (Table 5 ). In patients with perioperative blood transfusion, multivariate analysis showed that only TNM stage was independent prognostic factor (Table 6 ).
Comparison of survival according to perioperative blood transfusion at same stage
Patients with gastric cancer were analyzed by stage (I, II, or III) and whether they underwent perioperative blood transfusion. Patients with gastric cancer were divided into three stages: stage I, stage II, and stage III. Based on perioperative blood transfusion, each stage was divided into group with perioperative blood transfusion and group without perioperative blood transfusion. There was a significant difference of over-all 5-year survival between group with perioperative blood transfusion and group without perioperative blood transfusion according to stage III (P < 0.001) (Fig. 2) .
Discussion
The association between overall prognosis and perioperative blood transfusions has been investigated in several solid tumors [15] [16] [17] [18] [19] [20] . However, the results have been inconsistent. Two studies have demonstrated that perioperative blood transfusion was associated with worse clinical outcome in patients undergoing gastrectomy, though other studies have not [10, 11] . Stefano Rauseiet al.'s study showed that perioperative blood transfusion did not influence the survival of patients with gastric cancer [12] . Moriguchi et al. reported that there was no relationship between perioperative blood transfusion and survival of patients with gastric cancer [13] . Some reasons should be taken into account of the conflicting results. First, influence of perioperative blood transfusion might be coincidental with other factors, which could result in more blood loss and more transfusions. The present study showed that patients with older age, larger tumor size, and more advanced stage were more likely to receive perioperative blood transfusion, which was consistent with other results [21, 22] . Second, most of the published studies were small-size sample, which had small statistic power to get a positive relationship. Therefore, the present study was carried out in a large-scale sample to avoid the above-mentioned limitations. In this study, perioperative blood transfusions were associated with a worse prognosis in patients with gastric cancer following gastrectomy. Transfusion was an independent prognostic factor confirmed by Cox regression analysis. In subgroup analysis, the difference in overall 5-year survival was significant for patients with Stage III disease, but not Stage I or II. This finding is consistent with results reported by Xue L et al. [23] . Additionally, we analyzed the relationship between frequency of blood transfusion, amount of blood transfusion, and prognosis. Results showed frequency and amount of blood transfusion did not correlate with the survival, which is consistent with other studies [11, 21, 24] . Therefore, it was possible that blood transfusion itself resulted in poor prognosis rather than frequency and amount of blood transfusion. Despite restrictive usage of blood transfusion is recommended by clinical guidelines, perioperative blood transfusion is still overused in clinical practice.
Although the exact mechanism is not clear, immunosuppression may explain the association between worse overall survival and perioperative blood transfusion. Immunosuppresion can be caused by decreased natural killer cell activity and increased suppressor T lymphocytes activity [25] . Other suppressor factors such as anti-idiotypic antibodies can be produced after receiving blood transfusion [26] . In addition, blood transfusion could promote the proliferation of tumor cells through inducing angiogenesis [27] . This theory was confirmed by Patel et al. ' finding that blood transfusion stimulated proliferation and angiogenesis of endothelial cells [28] .
Although the present study is one of the largest retrospective studies in China, there are still some limitations in our study. First, we have not analyzed the effect of blood transfusion on postoperative complications and tumor recurrence. Second, adjuvant radiotherapy and chemotherapy were not included into the analysis. Therefore, it is necessary to carry out prospective, randomized, controlled studies to investigate the prognostic effect of blood transfusion in patients with gastric cancer.
Conclusions
In conclusion, perioperative blood transfusion independently correlated with poorer prognosis in patients with gastric cancer. 
